We conducted a retrospective study (1981)(1982)(1983)(1984)(1985)(1986)(1987)(1988)(1989)(1990) to determine whether the efficacy of intracoronary thrombolysis (ICT) could be evaluated from data obtained solely after recanalization. Weinvestigated 55 successful ICT patients (38 with anterior and 17 with inferior myocardial infarction (MI)), and 31 control infarct patients without recanalization. The total serum creatine phosphokinase release (ZCPK), the extent ofinfarction measured by Tl-201 single photon emission computed tomography (total DS) and the disturbance of regional wall motion (asyn.%) were investigated as parameters for distinguishing the successful ICT and control groups. Discriminatory ability for the two groups was highest with the total DS in all patients. Only the total DS differed significantly between the two groups in patients with inferior infarction. Misidentification of control patients as successful patients was least frequent (25.5%) when using the total DS. These findings suggest that the effectiveness of ICT for acute MI maybe assessed on the basis of data obtained solely after recanalization, with the total DS being particularly useful. (Internal Medicine 33: 387-395, 1994) 
Introduction
Recanalization therapy is effective for reducing the extent of myocardial necrosis in patients with acute myocardial infarction (MI) . Intracoronary thrombolysis (ICT) ( 1 , 2) and percutaneous transluminal coronary angioplasty (PTCA) (3) are now widely used alone and in combination for this purpose. The clinical use of tissue-type plasminogen activator (t-PA) has also begun. Intravenous thrombolytic therapy is being promoted as a primary care for MI (4) . Should it prove feasible to administer emergencythrombolytic agents to Japanese patients with acute MI before transport to a cardiovascular center, it will probably be necessary to evaluate the efficacy of such treatment solely on the basis on laboratory data obtained after recanalization. The purposes of this study were 1 ) to determine whether parameters from data of creatine phosphokinase (CPK) release in the acute period, left ventriculogram and scintigram obtained 4-6 weeks after MIcan evaluate the efficacy of thrombolytic therapy carried out during acute period of MI, and 2) to assess the most useful parameter amongthe three for evaluating the efficacy of thrombolytic therapy.
Methods

Study population
Froma total 238 patients with acute MI admitted for emergency recanalization treatment between December 198 1 and January 1990, we selected 55 patients whounderwent successful ICT therapy (ICT group). They included 38 patients with anterior and 17 with inferior infarction, comprising 48 males and 7 females aged 42 to 79 years (mean: 60.9 years). Thirtyone MI patients, 28 males and 3 females aged 42 to 75 years (mean: 60.0 years) in whomICT therapy resulted in failure acutely or chronically served as controls (control group), including 20 with anterior and 1 1 with interior infarction. The ICT group fulfilled the following criteria: severe chest pain persisting before ICT, successful ICT within a few hours of the onset of chest pain, and persistence ofR waves in the leads showing ST elevation. The control group fulfilled the following criteria: failure to recanalization by ICT or reocclusion during the chronic phase of MI and absence of TIMI grade III or higher collaterals. The other 1 83 patients were excluded from the study for the following reasons: emergency PTCA, cardiogenic shock (the blood pressure could not be maintained by intra-aortic balloon pumpingor pressor agents), severe sequelae ofcerebrovascular disease, surgery in the 10 days before MI, coagulation abnormalities, an age of 80 years or older, TIMI grade III (5) or higher collaterals on emergencycoronary angiography, spontaneous recanalization, evidence of reinfarction, severe stenosis of coronary vessels other than the infarct-related artery, or death during the acute or chronic phase of MLTable 1 shows the clinical characteristics of the patients in the ICT and control groups.
Thrombolytic therapy
Cardiac catheterization was carried out by the transfemoral route. After the vessels which were considered not responsible for infarction had been subjected to angiography, images of the culprit vessels were obtained from various directions. Nitroglycerin (0.5 mg) or isosorbide dinitrate (5 mg) was infused into the culprit coronary artery to exclude infarction due to coronary spasm. Urokinase (24,000 units/min) was infused into the culprit artery over 1 0 min by mixing with autologous blood, and then angiography was repeated. This procedure was repeated until the thrombi had been completely lysed or until a total urokinase dose of 960,000 units was administered. Concomitant PTCAwas not performed unless there was delayed peripheral runoff of contrast. After the administration of urokinase,
heparin was administered at a dose of 12,000-20,000 units daily for several days, followed by oral anticoagulants until follow-up angiography was performed during the chronic period.
Determination of CPK Serum CPKlevels were determined every 4 hours from immediately after admission to the coronary care unit for the first 48 hours and then every 12 hours for 4 days (Fig. 1 ). The rate of disappearance of CPKfrom the blood was calculated for each patient from the changes in the serum CPKlevel over time and the descending phase of the disappearance curve. Then total CPK release (ZCPK) was calculated according to the formulas of Shell etal (6), Roberts et al (7), andNorris et al (8) as follows:
77-207 SPECT SPECT (9) using Tl-201 (2 mCi) was performed during the chronic phase of MI (4-6 weeks after onset). The long axis of the left ventricle was divided into 6 equal segments and circumferential profile analysis (10) was carried out in each of the 6 short-axis views (Fig. 2) . In the short-axis view, the 6 o'clock direction from the center of the heart was regarded as 0°, and the cross-sectional view of the heart was divided clockwise into 60 sectors of 6°each. A percent thallium (%T1) uptake curve was prepared by setting the maximumprofile count at 100%. The mean -2 standard deviations (SD) of the values determined in normal individuals was defined as the lower limit of the normal range, and the area of the %T1uptake curve below this limit was regarded as indicating the defect size. The sum of the defects in the 6 short-axis views was defined as the total defect size (DS). SPECTwas performed with a general-purpose collimator (GCA90A, Toshiba, Tokyo, Japan) , and data processing was done with an ADACSystem III.
Quantitative evaluation of regional wall motion Regional wall motion was evaluated by left ventriculography Hours After Onset f(t): rate of change of CPKactivity due to enzyme release from the heart (IU/ml.min) E(t): blood CPK activity (IU/ml) KD: fractional rate of disappearance of CPK from the blood -serial serum CPKactivity levels X a semi-logarithmic replot of the same values from the peak activity downwards à" calculated integral values in the 30°right anterior oblique view using center-line method (ll) 4 to 6 weeks after MI (Fig. 3) . According to Sheehan's method, segments 10 to 66 (numbered clockwise from the aortic valve) were defined as the anterior wall region and segments 5 1 to 80 were regarded as the inferior wall region. Left ventricular wall motion below the mean -1. total DS. Sumof DS in 6 short-axis views Fig. 2 . Determination of the size of myocardial defect by Tl-201 SPECT. The long axis of the left ventricle (LV) was divided into 6 equal segments. In the short-axis view, the LV was divided clockwise into 60 sectors of 6°from the 6 o'clock position. The area of the percent thallium (%T1) uptake curve below the mean -2 SD for normal individuals was regarded as the defect size (DS, %deg.) and the sum of DS in the 6 short-axis views was defined as the total DS.
examined by one-way analysis of variance. The results given in parentheses in Tables 2-4 are the frequencies of erroneous discrimination obtained by reciprocal examination.
Results
In the ICT patients with anterior infarction, the mean interval between the onset of infarction and recanalization (infarction time) was 3.6 hours (range: 1.8-8.8 hours), the mean residual stenosis immediately after reperfusion was 79.6% (range: 25-99%), and the meanresidual stenosis in the chronic period was 66.4% (range: 25-99%). The corresponding figures for the ICT patients with inferior infarction were 3.9 hours (range: 1.7-8.9 hours), 81.0% (range: 25-99%), and 70.0% (range: 40-95%). Figure 4 shows a comparison of total DS, ZCPKand asyn.% between ICT and control groups in subgroups of anterior and inferior MI. Significant differences between the ICT and the control group in the anterior infarction subgroup were observed for SCPK (p<0.01), total DS (p<0.01), and asyn.% (p<0.01). However, the only significant difference between the ICT and control groups was found in the total DS (p<0.05) for the inferior infarction subgroup (one-way analysis of variance). There were no significant differences between the ICT and control groups in ZCPKand asyn.% in the inferior infarction subgroup (Fig. 4) . The frequency of erroneous discrimination obtained by reciprocal examination appeared to be lowest (29.0%) by the asyn. %in all patients compared with the frequency obtained by total DS (38.0%) and ICPK (44.2%) ( Table 2 ). The frequency of erroneous discrimination by the total DS in the anterior infarction subgroup appeared to be lowest (25.5%) compared with those obtained by ZCPK (34.5%) and asyn.% (28.6%) ( Table 3 ). The frequencies of erroneous discrimination obtained by reciprocal examination were 35.8% by total DS and 35.6% by asyn.% in the inferior infarction subgroup whereas thatby ICPK was 38.8% (Table 4) . Sensitivity was the highest with total DS compared with asyn.% and ZCPKin all patients, the anterior infarction and inferior infarction subgroups (Tables 2-A) . Specificity was highest with asyn.% compared with total DS and ECPKin all patients and inferior infarction subgroups (Tables 2-A) .
Discussion
In the present study, we found that, for identifying successful ICT patients, the total DS showed the lowest frequency of erroneous discrimination obtained by reciprocal examination in the anterior and inferior infarction subgroups comparedwith ECPKand asyn.%, and that sensitivity and specificity were highest with total DSand asyn.%, respectively. These findings suggested that assessment of the effect ofrecanalization therapy for acute MI can be based exclusively on data obtained in the chronic period, with estimation of total DS obtained by Tl-201 SPECTbeing particularly useful for this purpose.
We studied patients in whom the recanalization by thrombolytic therapy could be confirmed during the acute period of MLWeexcluded patients who showed early spontaneous recanalization and those with TIMI grade III or higher collaterals in the acute or chronic period in order to eliminate the effect of collateral circulation. For comparison with this group undergoing successful early recanalization without reocclusion, patients in whom recanalization was not achieved or who developed reocclusion during follow up were selected as a control group from among those who had undergone recanalization therapy.
Various reports (6) (7) (8) have stated that the ZCPKvalue is closely correlated with the size of the myocardial defect observed pathologically and have suggested its use as a quantitative parameter for assessing infarction. While Uematsu and Hirayama reported that peak CPKand ZCPKvalues showed a strong correlation in both recanalized and non-recanalized patients, they did not recommend the use of peak CPKfor comparing the two groups (13). We, therefore, used ECPKas a parameter ofinfarct size, with the total DScalculated from Tl- asyn.%: %of asynergy of left ventricular wall motion, DS: defect size Symbols are the same as in Table 2 . calculated from the myocardial perfusion image of thallium-201 , ICT: intracoronary thrombolysis, ZCPK: the total serum creatine phosphokinase release.
groups with anterior infarction, while only the total DS showed a significant difference in the inferior infarction subgroup. The frequency of erroneous discrimination obtained by reciprocal examination was the lowest when using the total DSin the anterior infarction subgroup, but the total DS and asyn.%
showednearly the same frequency of erroneous discrimination in the inferior infarction subgroup.
The difficulty of quantitating inferior infarction has been noted by many investigators. Mahmarian et al (14) compared defect sizes determined by Tl-201 SPECT and by CK-MB values and found a high correlation between them in patients with anterior infarction (r=0.9 1), but a poor correlation in those with inferior infarction (r=0.50). They suggested that the correlation decreased in inferior infarction, which is often complicated by right ventricular infarction, because the former parameter reflects the size of the left ventricular defect, while the latter parameter reflects total myocardial necrosis (14). Thus, the difficulty in quantitating inferior infarction might be one of the reasons for lower discrimination between ICT and control groups in the inferior infarction subgroup as compared with the anterior infarction subgroup.
While previous studies of ventricular wall motion have employed both the radial and rectangular methods ( 15-17), we used the center-line method because it allowed quantitative measurement of the area and the severity of abnormal wall motion. Although all three of the quantitative parameters we used have been studied previously (18), we found that total DS made the greatest contribution to discriminating ICT from control patients in both the anterior and inferior infarction subgroups. Rahimtoola ( 19) introduced the concept of stunned myocardiumwhereby the impairment ofmyocardial contractility remains long after severe ischemic attack even if the myocardium is viable. Braunwald and Rutherford (20) demonstrated the evidence of the hibernating myocardium, in that ischemia induces long-lasting ventricular dysfunction. In patients with stunned and hibernating myocardium (19-23), wall motion does not immediately recover after the myocardiumis salvaged by recanalization following acute MI. Schofer and Mathy (24) Table 2 .
have reported that neither left ventricular function nor regional wall motion was significantly correlated with the defect size estimated by Tl-201 SPECT in patients who underwent recanalization therapy for acute MI. They suggested that this poor correlation arose because regional wall motion is impaired at the margin of the infarct zone, despite the presence of surviving myocardium (stunned myocardium) (24). Stunned myocardium at the margin of the infarct zone probably influenced the present evaluation. The total DS allowed quantitation of the injured, but viable, myocardium that does not contribute to cardiac contraction at the time of scintigraphy and ventriculography 4-6 weeks after MI. This fact might explain in part the superiority of total DSfor distinguishing the ICT group from the control group as compared with asyn.% and
XCPKin the present study. The results of the reciprocal examination suggested that misidentification between the ICT and control groups was least likely to occur whenusing discrimination according to asyn.% if left ventricular wall motion had been restored. However, left ventricular wall motion is very sensitive to ischemia, and the stunned myocardium and hibernation produced by coronary occlusion maypersist for 4-6 weeksor moreafterrecanalization (25). Therefore, there is a possibility of underestimating the effect of recanalization on acute MI if the outcomeis evaluated on the basis of wall motion during this period.
Limitations
There are somelimitations in the present study. First, we selected 55 patients for this study from 238 patients who underwent recanalization. However,the study population was small. Additional studies with a larger number of patients will be needed. Second, the control group of the present study included patients with reocclusion because we intended to distinguish exclusively the successful ICT patients at the chronic period from patients with unsuccessful ICT and reocclusion. It might provide clearer results to compare the successful ICT group with a control group consisting of patients with unsuccessful ICT. However, we think that the grouping used in this study may be more practical.
Conclusion
Our findings suggested that assessment of the effect of recanalization therapy for acute MI can be based exclusively on data obtained in the chronic period 4-6 weeksafter the event, with estimation of total DS obtained by Tl-201 SPECTbeing particularly useful for this purpose.
